Abstract. The oocyte-to-embryo transition in mammals depends on maternal proteins and transcripts, which accumulate during oocyte differentiation. The aim of the present study was to examine the role of the junctional proteins β-catenin and E-cadherin during preimplantation in vitro embryo development in sheep, comparing the competence of adult and prepubertal oocytes. We analysed the concentration of β-catenin and E-cadherin in immature and in vitro-matured oocytes. There was a significant increase in E-cadherin concentration after 24 h of in vitro maturation and this was lower in prepubertal oocytes than in adult ones. We therefore studied the expression and distribution of E-cadherin during the major transition from maternal to embryonic genome. E-cadherin distribution and localisation in sheep was age-and developmental-stage dependent and was related to developmental kinetics. In fact, in adults, the majority of embryos showed the proper distribution of E-cadherin just beneath the membrane surfaces of all blastomeres and the percentage of embryos with this distribution increased with the increase in cell number during development. On the contrary, and regardless of their developmental stage, the majority of prepubertal embryos showed an uneven distribution of the protein, often associated with the occurrence of cellular fragmentation. In conclusion, our results suggest that E-cadherin plays a pivotal role during preimplantation embryo growth in sheep and may be one of the possible cytoplasmic factors involved in the reduced developmental competence of prepubertal female gametes.
Introduction
Cadherins are calcium-dependent transmembrane glycoproteins produced both by oocytes and embryos, which play a central role in the regulation of morphogenesis through their involvement in junctional cell adhesion, determination of cell shape and polarity, and cell signalling during embryonic compaction in preimplantation embryos (Watson and Barcroft 2001) . The cytoplasmic domain of cadherins interacts with the actin microfilament network by anchoring proteins (β-and α-catenin) (Pokutta and Weis 2007) . Thus, catenins form the sub-membranous plaque of proteins to which the cytoskeleton is tethered and by which cell-to-cell adhesion is reinforced. Epithelial cadherinuvomorulin (E-cadherin) is the first cadherin to be expressed during mammalian embryo development (Fleming et al. 2001 ).
E-cadherin, catenins and cytoskeletal actin are expressed and stored in the oocyte during oogenesis; therefore, they are present in the early mammalian embryo from fertilisation onward. However, stable E-cadherin-mediated cell-to-cell adhesion does not arise until compaction is initiated and it is unclear which factors or mechanisms control the suppression of stable cell-to-cell adhesion in the early embryo before compaction (Fleming et al. 2001) . In mice, uvomorulin can already be detected on the cell surface of unfertilised and fertilised eggs. The first signs of compaction are accompanied by a redistribution of the protein on the surface of blastomeres (Vestweber et al. 1987) . Maternal E-cadherin suffices only for initial compaction of the morulae (Larue et al. 1994 ) and lack of β-catenin results in early gastrulation patterning defects (Huelsken et al. 2000) . A more recent study demonstrated that while maternal E-cadherin is not essential for the completion of the oocyte-to-embryo transition, the absence of wild-type β-catenin in oocytes does compromise developmental success rates. This developmental deficit is alleviated by the simultaneous absence of maternal E-cadherin, suggesting that E-cadherin regulates nuclear β-catenin availability during embryonic genome activation (de Vries et al. 2004) .
Transcripts encoding E-cadherin and β-catenin were detected in immature and mature oocytes, as well as in one-cell bovine zygotes through to blastocyst stage. In each case, the distribution of these transcripts suggests that they are of both maternal and embryonic origin (Barcroft et al. 1998; Nganvongpanit et al. 2006) . Interestingly, targeted suppression of the uvomorulin gene induces a reduction in mRNA and protein expression resulting in a lower blastocyst rate (Nganvongpanit et al. 2006) . Similar behaviour has been described in human embryos. E-cadherin has been found in pronuclear eggs and cleavage and blastocyst stage embryos (Bloor et al. 2002) ; disturbances in its distribution occur in embryos with cleavage abnormalities (Alikani 2005) .
In rats, E-and N (neuronal)-cadherins are already present on the plasma membrane of immature unfertilised oocytes, although their concentration increases after fertilisation in early cleavage stage embryos (Ziv et al. 2002) .
Finally, in pigs, distinct changes in the distribution of actin and the actin-associated proteins α-fodrin, vinculin and E-cadherin coincide with compaction and polarisation; all of these molecules are evenly distributed in the blastomeres during early cleavage, then gradually accumulate in regions of intercellular contact towards the blastocyst stage (Reima et al. 1993) .
To date, no information is available regarding the presence and the role of junctional proteins during preimplantation embryo development in ovine species.
It has been suggested that the depletion of some maternal mRNAs such as E-cadherin may be associated with the reduced in vitro developmental capability of prepubertal oocytes (Leoni et al. 2007) . Whilst oocytes removed from prepubertal animals are capable of developing to the blatocyst stage, the rate of development is lower compared with that of adult oocytes (Morton 2008) .
This deficiency is generally attributed to incomplete or perturbed cytoplasmic maturation, which may be expressed as fertilisation abnormalities, altered speed of development, early cleavage failure, failure to reach or survive the transition from maternal to embryonic genome expression and embryonic losses at later pre-and post-implantation stages of development (Armstrong 2001; Morton 2008) .
The oocyte-to-embryo transition in mammals depends on maternal proteins and transcripts to ensure the successful initiation of development, and the correct and timely activation of the embryonic genome (Bettegowda et al. 2008) . Some of these proteins may be produced during the time of nuclear maturation and are therefore considered to be a product of cytoplasmic maturation (Vigneron et al. 2004) .
The aim of the present study was to examine the role of the junctional proteins β-catenin and E-cadherin during preimplantation in vitro embryo development in sheep and to compare the competence of prepubertal and adult oocytes and the behaviour of E-cadherin during the major transition from maternal to embryonic genome that occurs approximately at the 8-16-cell stage in sheep, about 4 days post-insemination (d.p.i.) (Telford et al. 1990) .
According to the stage of development, the localisation and distribution of E-cadherin were analysed 4 d.p.i. in adult embryos, while prepubertal embryos were examined a day later, 5 d.p.i., since we have previously demonstrated a 24-h delay in the developmental kinetics of prepubertal embryos (Leoni et al. 2006) .
Materials and methods
The animal experiments performed in the present study were approved by the Animal Care and Use Committee of the University of Sassari, Italy.
Chemicals and reagents
Unless otherwise indicated, all reagents were purchased from Sigma Chemical Co (St Louis, MO, USA).
In vitro embryo production
Oocyte collection and in vitro maturation (IVM) Oocytes were recovered from prepubertal (30-40 days of age, bodyweight 6-10 kg) and adult ovine ovaries and transported to the laboratory within 1 h of collection, in Dulbecco's PBS at a temperature between 25 and 35 • C. Ovaries were sliced using a micro-blade and the follicle content was released in TCM199 medium (with Earle's salts and bicarbonate) supplemented with 25 mM HEPES, penicillin, streptomycin and 0.1% (w/v) polyvinyl alcohol (PVA). Cumulus-oocyte complexes (COCs) that presented 4-10 layers of granulosa cells, oocytes with a uniform cytoplasm, homogenous distribution of lipid droplets in the cytoplasm and with a diameter ≥90 µm were selected for these experiments. COCs were washed three times in the same fresh medium, and matured in vitro in TCM199 supplemented with 10% heat-treated fetal calf serum (FCS), 10 µL mL −1 FSH/LH and 100 µM cysteamine. Thirty to 35 COCs were matured in vitro in 600 µL of the maturation medium in a four-well Petri dish (NUNC, VWR International, Milan, Italy) layered with 300 µL mineral oil and cultured for 24 h in 5% CO 2 in air at 39 • C.
Sperm preparation and in vitro fertilisation (IVF)
After maturation, COCs were partially stripped of the granulosa cells and fertilised in vitro at 39 • C in an atmosphere of 5% CO 2 , 5% O 2 and 90% N 2 in four-well Petri dishes. Frozen-thawed spermatozoa from the ejaculate of the same ram were used for all experimental procedures. The fertilisation system was composed of 300 µL of synthetic oviducal fluid (SOF) medium supplemented with 2% oestrus ovine serum and swim-up-derived motile spermatozoa at 1 × 10 6 spermatozoa mL −1 layered with mineral oil.
In vitro culture (IVC)
After 20 h, presumptive zygotes were mechanically denuded of their cumulus cells, randomly split into two groups and cultured in four-well Petri dishes containing SOF supplemented with essential and non-essential amino acids, 0.4% BSA under mineral oil in maximum humidified atmosphere with 5% CO 2 , 5% O 2 , 90% N 2 . In the first group, the developmental kinetics were assessed by recording both the number of cleaved oocytes at 22, 26 and 32 h post-insemination (h.p.i.) and the number of blastocysts developed at 6, 7, 8 and 9 days post insemination (d.p.i.) (Leoni et al. 2006) . To assess localisation and distribution of E-cadherin, the embryos of the second group were collected and fixed according to their developmental timing, 4 and 5 d.p.i., respectively, in adult and prepubertal groups.
Oocyte microdensitometric quantification of β-catenin and E-cadherin
Immature and in vitro-matured prepubertal and adult oocytes were processed for indirect immunofluorescence as whole mounts (Barcroft et al. 1998) .
Before immunostaining, oocytes were separated from cumulus cells in a defined saline medium (0.1% (w/v) PVA in PBS (PBS/PVA)) by vortex for 2 min at 35 Hz (Modina et al. 2007b) .
The following antisera were used: mouse monoclonal IgG1 (clone 14) directed against mouse β-catenin (1 : 400 dilution; Transduction Laboratories, Mississauga, ON, Canada) and mouse monoclonal IgG2a (clone 36) raised against human E-cadherin (1 : 100 dilution; Transduction Laboratories).
Denuded oocytes were fixed through a methanol-phosphate buffer (Me-OH-PBS) series consisting of 1 : 1 Me-OH-PBS for 2 min, 2 : 1 Me-OH-PBS for 2 min at −20 • C, incubated overnight at 4 • C with the primary antibody and successively with an anti-mouse IgG conjugated with FITC (1 : 250 dilution; Jackson Immuno Research Laboratories Inc., Newmarket, UK) as secondary antiserum.
Oocytes processed for β-catenin were permeabilised in the presence of 0.01% (v/v) Triton X-100 before incubation with primary antibody.
Nuclear status was evaluated after incubation in 0.01% (w/v) 4 -6-diamidino-2-phenylindole (DAPI) for 10 min at RT (Modina et al. 2004) .
Samples were transferred onto a glass slide in 20 µL of Fluoro-Guard (Biorad, Mississauga, ON, Canada) mounting medium, in the middle of a tape-ring to produce a fixed space ∼200 µm in thickness and evaluated as single cells with a Universal Microspectrophotometer System equipped for epifluorescence analysis (Zeiss, Milan, Italy). Values of fluorescence intensity were expressed as arbitrary units (Modina et al. 2007b ).
Immunolocalisation of E-cadherin on in vitro-cultured embryos Prepubertal and adult embryos were processed for indirect immunofluorescence as whole mounts by using a mouse monoclonal IgG2a (clone 36) raised against human E-cadherin (1 : 100 dilution, Transduction Laboratories), as described previously (Barcroft et al. 1998) .
Cell numbers of each embryo were assessed after incubation in 0.01% (w/v) DAPI for 10 min at RT.
All the embryos were mounted on slides in the presence of Fluoro-Guard (Biorad) and examined with a fluorescence microscope (Nikon Diaphot TMD; Nikon, Tokyo, Japan).
For each experiment, 10 embryos were also examined with a confocal laser-scanning microscope (Leica DCNT, Heidelberg, Germany).
Immunolocalisation of E-cadherin, performed on the same samples, was evaluated by focusing all planes of each embryo and showed three different patterns of distribution of the junctional protein inside the blastomeres: blastomeres without signal, blastomeres with a positive signal at the cytoplasmic level and blastomeres with a positive signal in the cytoplasm as well as at the cortical level, immediately next to the cytoplasmic membrane, as previously described (Barcroft et al. 1998 ).
Embryos were classified as positive embryos when all blastomeres showed a signal both in the cytoplasm and at the cortical level, erratic embryos when all patterns described above were present, randomly distributed between blastomeres and negative embryos when no signal was observed in any of the blastomeres.
Statistical analysis
All experiments were replicated at least three times. Developmental data were compared by chi-square test and expressed as percentages. All the other data were analysed using one-way ANOVA followed by Scheffe's test for multiple comparisons (SuperANOVA; Abacus Concepts, Berkley, CA, USA) and were expressed as mean ± s.e.m. Data probabilities of P < 0.05 were considered to be statistically significant.
Results

Microdensitometric quantification of β-catenin and E-cadherin
As shown in Fig. 1 , immature oocytes showed a positive uniform signal within the cytoplasm for both E-cadherin (a-c), and β-catenin (g-i). No remarkable qualitative differences were observed between prepubertal and adult oocytes, or between immature and in vitro-matured oocytes for β-catenin localisation (d-f ). On the contrary, in both prepubertal and adult in vitromatured oocytes, E-cadherin was localised inside the cytoplasm as well as at the cortical level ( j-l) .
Microdensitometric analysis showed no semiquantitative differences in β-catenin concentrations between immature and in vitro matured prepubertal and adult oocytes (Table 1) . No differences were observed between immature prepubertal and adult oocytes in E-cadherin concentration. However, this protein significantly increased after in vitro maturation and the E-cadherin concentration was significantly lower in prepubertal oocytes compared with in vitro-matured adult oocytes (Table 2) .
Embryo development and immunolocalisation of E-cadherin
As shown in Table 3 , data on blastocyst production showed a lower rate of blastocysts calculated on cleaved prepubertal oocytes (n = 379) compared with those derived from adult ones (n = 285) (28.69% v. 55.17%, P < 0.01). Cleavage rate was also lower in prepubertal oocytes than in adult oocytes (62.53% v. 71.23%, P < 0.05).
A delay in the first embryonic division of prepubertal embryos was observed; early cleavage was higher in adult zygotes at 22 and 26 h.p.i., compared with those from lambs (P < 0.001). This delay rose to 24 h at the blastocyst stage. In fact, ∼46% of the adult blastocyst developed at 6 d.p.i., while the same blastocyst rate was reached by prepubertal embryos at 7 d.p.i.
To localise E-cadherin during the maternal-to-embryonic transition, a total of 197 adult-and 281 prepubertal-derived embryos, collected 4 d.p.i. and 5 d.p.i., respectively, were analysed. According to the blastomere numbers, we identified the following stages: 0-4 cells; 5-8 cells; 9-16 cells; and >16 cells. The distribution of embryos within each stage depended on the age of the sheep. As Table 4 indicates, no differences were observed in the percentage of embryos in the 0-4-and 9-16-cell stages, but the percentage of embryos in the 5-8-and >16-cell stages was significantly higher in adults than in prepubertal embryos (P < 0.05). The distribution of negative, erratic (Figs 2d-f, 3b ) and positive (Figs 2a-c, 3a) embryos was different at the various stages of cell development. Frequently, erratic embryos showed blastomeres without a nucleus, indicating cytoplasmic fragmentation.
In adult sheep (Table 5) , negative embryos were observed only in 0-4-cell stage embryos (90.5 ± 5.2%); erratic embryos were distributed in all stages, though poorly represented, whereas the percentage of positive embryos, distributed throughout all stages, increased with the augmentation of cell number during embryo development (94.4 ± 5.5% and 95.0 ± 5.0% in the 9-16-and >16-cell embryo stages, respectively).
In prepubertal sheep (Table 5) , negative embryos were distributed in all classes of embryo except the >16-cell stage, and were present in a higher percentage in the 0-4-cell stage Adult (n = 197) 33.2 ± 2.5 a 3.5 ± 0.8 a 14.0 ± 1.9 a 49.3 ± 3.7 a than in the 5-8-and 9-16-cell stages (42.5 ± 3.1%; 7.1 ± 3.5%; 2.8 ± 2.8%, respectively). Erratic and positive embryos were distributed in all stages of development, in the highest and lowest percentage, respectively. As indicated in Table 5 , significant differences were observed between prepubertal and adult sheep; in all the developmental stages examined, percentages of erratic embryos were higher in lamb than in sheep embryos (P < 0.05). Conversely, the percentage of positive embryos was higher in adult sheep than in lambs (P < 0.05) in all classes, except in 0-4-cell stage, where the situation was reversed.
In this last class, significant differences were also observed between the percentage of sheep and lamb embryos classified as negative (90.5 ± 5.2% v. 42.5 ± 3.1%, respectively; P = 0.0001) and erratic (5.6 ± 2.8% v. 43.3 ± 4.0%, respectively; P = 0.0005).
No negative embryos were observed in the 5-8-cell stage of sheep embryos, while significant differences were observed between erratic and positive embryos, where the percentage of erratic embryos was higher in lambs than in adults (76.8 ± 7.2% v. 22.2 ± 22.2%; P = 0.0188), while the percentage of positive embryos was higher in adults than lambs embryos (77.7 ± 22.2% v. 18.1 ± 9.8; P = 0.0225).
Finally, the same trend was observed in the percentage of 9-16-cell stage erratic (5.5 ± 5.5% v. 74.8 ± 10.6%; P = 0.0034) and positive (94.4 ± 5.5% v. 22.4 ± 11.4%; P = 0.0039) embryos and in the percentage of >16-cell stage erratic (5.0 ± 5.0% v. 56.5 ± 11.1%; P = 0.0172) and positive (95.0 ± 5.0% v. 43.5 ± 11.1%; P = 0.0172) adult and prepubertal embryos, respectively.
Discussion
In the present study the distribution of the vital cell adhesion protein E-cadherin was assessed in oocytes and embryos derived from prepubertal and adult sheep. The results obtained indicate that in sheep, as in other species, E-cadherin distribution is dependent on the developmental stage of the embryo. Moreover, they suggest a possible relationship between the reduced developmental competence of prepubertal ovine oocytes and the distribution and localisation of E-cadherin both in immature and in vitro-matured oocytes and during preimplantation embryo development.
Although oocytes removed from antral follicles of prebubertal sheep and cultured in appropriate conditions reach metaphase of the second meiotic division at the same rate as the oocytes of adult animals (Ledda et al. 1997; O'Brien et al. 1997) , developmental failures of embryos and fetuses have frequently been observed (Morton 2008) .
The lack of competence of prepubertal oocytes was investigated in ruminant species (cow: Revel et al. 1995; Damiani et al. 1996; Presicce et al. 1997 and sheep: O'Brien et al. 1997; Ledda et al. 1999b; Ptak et al. 1999) and most reports attributed the low fertilisation and developmental rates to defective cytoplasmic maturation (Morton 2008) .
Generally this was ascribed to different morphological and physiological properties such as a smaller diameter (Biensen et al. 1998; Gandolfi et al. 1998; Ledda et al. 1999a) or delayed migration and redistribution of the organelles throughout the ooplasm during maturation (Damiani et al. 1996; O'Brien et al. 1997) . Moreover prepubertal oocytes showed lower metabolic activity than adult oocytes in relation to protein synthesis (Ledda et al. 1996; Gandolfi et al. 1998; Kochhar et al. 2002) , glucose, pyruvate and glutamine metabolism (O'Brien et al. 1996; Steeves and Gardner 1999) . In sheep, in particular, radiolabelling of oocyte proteins revealed a higher incorporation of 35 Smethionine and 35 S-cysteine into adult oocyte proteins compared with juvenile ones (Kochhar et al. 2002) . In accordance with these data, we observed a significantly higher relative abundance of some mRNAs, including E-cadherin, in the adult ovine oocytes compared with the prepubertal oocytes (Leoni et al. 2007) .
In the present study, we detected no significant differences in cytoplasmic E-cadherin concentrations between prepubertal and adult oocytes. This discrepancy may be due to the method used to detect quantitative differences in the newly synthesised proteins, during a brief time lapse. However, since E-cadherin is synthesised and accumulated during oogenesis, we cannot rule out the possibility that immature prepubertal and adult ovine oocytes contain comparable quantities of this protein (Fleming et al. 2001) .
In cows (Lonergan and Fair 2008) and in sheep (Cognié et al. 2004) , a large proportion of oocytes derived from adult animals fail to develop to the blastocyst stage and the intrinsic quality of the oocyte seems to be the major limiting factor. Alteration of post-transcriptional regulation of maternal transcripts during bovine oocyte maturation has been related to its quality, affecting its ability to undergo meiosis and sustain embryo development (Thélie et al. 2007) . As in adults, it is likely that deficiencies in translational machinery may be involved in the reduced developmental capability of prepubertal oocytes.
Protein synthesis during oocyte maturation as well as the mobilisation and transition of stored mRNA are essential for normal meiotic maturation both in cattle and in sheep oocytes (Moor and Crosby 1986; Moor 1988; Sirard et al. 1989) .
We observed that, in sheep, maternal E-cadherin concentration significantly increases after 24 h of in vitro maturation and that its concentration is lower in prepubertal oocytes than in adult oocytes. In contrast, we did not observe any differences in β-catenin concentrations between adult and juvenile embryos, or between immature and in vitro-matured oocytes.
The role of junctional proteins during resumption of meiosis has still not been directly investigated; some evidence suggests a specific E-cadherin organisation at the fusogenic domains of rat oocytes (Ziv et al. 2002) . Moreover, it has been demonstrated that N-cadherin-mediated cell contact inhibits germinal vesicle breakdown in mouse oocytes maintained in vitro (Peluso 2006) . Finally, in agreement with our data, Nganvongpanit et al. (2006) , analysed the temporal expression of specific transcripts in bovine oocytes and embryos, and detected that E-cadherin transcripts were higher in in vitro-matured than in immature oocytes. Interestingly, they also described a decrease in the expression pattern of the β-catenin gene during in vitro maturation.
In mice, E-cadherin and β-catenin derived from both maternal and zygotic gene activity are organised in an adhesion complex that is accumulated and stored in an inactive form, and used for the compaction and the formation of the trophectoderm cell layer (Ohsugi et al. 1997) . It has also been demonstrated that this process is achieved by post-translational modifications due to tyrosine phosphorylation and that β-catenin is a major phosphotyrosine-containing protein during oocyte maturation and the early stage of development (Ohsugi et al. 1999) . Moreover, tyrosine phosphorylation of this junctional protein seems to represent a molecular mechanism to keep the accumulating E-cadherin adhesion complex in a non-functional form (Ohsugi et al. 1999) .
Starting with the above observations, we can assume that, in sheep, the increase of uvomorulin during in vitro maturation may support meiosis resumption and subsequently early embryonic development, and that deficiencies in translation during meiosis resumption may contribute to age-related differences in developmental competence.
Since we did not observe any change in β-catenin amounts, we can hypothesise that, in sheep, the phosphotyrosine-dependent conformational change of β-catenin plays an even more fundamental role than the synthesis and accumulation of the inactive protein in the overall organisation of the adhesion complex, as previously demonstrated in mice (Ohsugi et al. 1999) .
The general principle that fast growing embryos are more likely to develop to the blastocyst stage is already known in different species. We previously demonstrated that the differences in developmental capacity between the oocytes of prepubertal and adult embryos can be related to differences in developmental kinetics, which in turn, may be indicative of embryo quality (Leoni et al. 2006) .
In agreement with these data, we observed that the distribution of blastocysts, according to the day after fertilisation on which they appeared, showed an increase in the developmental delay, measured in the first cleavage of prepubertal oocytes, which rose to 24 h at blastocyst stage. In the adult group, 46% of blastocysts were, in fact, produced in 6 days, while in the prepubertal group a similar rate was observed 7 d.p.i. We also observed that, despite being collected a day later, the percentage of embryos arrested at the 5-8-and 9-16-cell stages was higher in prepubertal than in adult embryos, and the percentage of embryos able to reach the >16-cell stage was significantly lower in those derived from juvenile than adult animals.
Bovine and ovine embryos begin to synthesise their own mRNA, which replenishes that inherited from the mother in the oocyte, at the 8-16-cell stage (Telford et al. 1990) , whereas minor activation is already observed as early as the one-cell embryo (Memili and First 2000) .
We can therefore hypothesise that as for adults, major genomic transition is a crucial event in the embryonic development of juvenile oocytes, since a high percentage of embryos stop their growth around this period. Interestingly, a developmental block also occurred at the 0-4-cell stage, suggesting that, in sheep, as in other species (Wrenzycki et al. 2005) and in spite of age, minor embryonic genome activation is another delicate step during in vitro embryo growth.
Recently, it has been demonstrated that reduced intercellular contacts coupled with an abnormal distribution of cytoskeletal proteins (e.g. α-tubulin, F-actin, E-cadherin and β-catenin), could be involved in the developmental arrest normally encountered at the 8-cell stage in bovine cloned embryos (Poehland et al. 2008) . In agreement with this observation, we previously demonstrated that, in cows, the majority of embryos that overcome the 8-16-cell stage fastest show a correct localisation of β-catenin (Modina et al. 2007a) , suggesting a close relationship between embryo quality, developmental dynamics and junctional protein localisation.
To find a possible relationship between E-cadherin distribution and developmental kinetics in prepubertal and adult ovine sheep, localisation and distribution of E-cadherin was evaluated during preimplantation embryo development.
Immunofluorescence analysis revealed that, in sheep, as in cows (Modina et al. 2007a ) not all the blastomeres showed the protein correctly distributed close to the membrane surface. Based on the different distribution patterns of the protein, we classified embryos as positive, negative or erratic, and observed that their presence differed, depending on the age of the animals and on the timing of development. Four days after insemination in adults, most of the fastest embryos were positive, either at the 5-8-, 9-16-or >16-cell stage and the percentage of positive embryos increased with the increase in cell number. Erratic embryos were poorly represented. On the contrary, most prepubertal embryos analysed 5 d.p.i., were erratic, regardless of their developmental stage. Moreover, an erratic distribution pattern was often associated with cellular fragmentation.
All these data suggest that, in sheep, as in other species, E-cadherin plays an important role during preimplantation embryo development at the time of major genome activation. Moreover, they suggest that the reduced developmental competence of prepubertal embryos may also be associated with the lack of a correct junctional system organisation, directly or indirectly related to defective synthesis of maternal uvomorulin.
In support of our hypotheses, it has recently been demonstrated in cows that transcripts for E-cadherin are detectable in immature and in vitro-matured oocytes, 2-and 4-cell embryos, but not at the 8-, 16-cell and morula stages, but reappearing at the blastocyst stage (Nganvongpanit et al. 2006) . Uvomorulin remains uniformly distributed in the cytoplasm until compaction, largely concentrated on the free surface of blastomeres, becoming more concentrated at the regions of cell-cell contact in compacting embryos (Watson et al. 2004) . Disturbances (i.e. blastomeres with absent or erratic protein) in the distribution of E-cadherin occur in human preimplantation embryos with cleavage abnormalities, suggesting one path to abortive or abnormal blastulation and loss of embryo vitality (Alikani 2005) . The failure to relocate E-cadherin may, in fact, be the consequence of developmental asynchrony or loss of physical contact between blastomeres. For instance, the fragmentation or arrest of one or more cells that we often observed in erratic prepubertal embryos, as in humans, may be related to a modified expression of several genes (Wells et al. 2005) .
Embryos with no signal of E-cadherin in any blastomeres were also observed in both prepubertal and adult embryos. Interestingly, they were distributed mostly in the 0-4-cell stage of adult sheep, whilst in lambs, at the same stage of development their percentage was comparable to the positive and erratic percentage.
Mammalian oocytes accumulate a large pool of mRNA molecules, which orchestrate subsequent embryonic development. The transcriptional machinery is silent during oocyte meiotic maturation and mRNAs are translated temporally during the critical steps, which anticipate embryonic genome activation. Translation regulation (positive and negative), as well the degradation of the untranslated mRNAs, is presumed to be critical to early embryonic development (Bettegowda and Smith 2007) . Low developmental competence of prepubertal embryos may also be related to an inadequate turnover of uvomorulin, which, in turn, may disturb embryonic proteins and mRNA de novo synthesis, from the time of minor genome activation.
In conclusion, our results demonstrate that E-cadherin plays an important role during in vitro preimplantation embryo growth in sheep and contribute towards identifying one of the cytoplasmic factors that may be involved in the reduced developmental competence of prepubertal female gametes. This confirms our previous findings on the expression of its messenger in immature oocytes and further supports the hypothesis that in fully grown prepubertal oocytes, the process of final differentiation is far from being accomplished.
